Dromiciops gliroides is an arboreal nocturnal marsupial. We used camera traps to monitor its activity in native forest and eucalyptus plantations with native understory for 2 summers. We obtained 2.75 records camera À1 month À1 in the forest and 2.16 in the plantation. Activity period ranged from 1900 to 0700 h, but reached its peak around 0200 h. Activity patterns were variable among months, but there were no significant differences between native and eucalyptus habitats, which overlapped between 55% and 97%. It is remarkable to have found D. gliroides in habitats dominated by exotic trees, because this species has been considered to be restricted to native forests.
The monito del monte (Dromiciops gliroides) is an endemic arboreal marsupial of the temperate rain forests of South America (Marshall 1978; Jiménez and Rageot 1979) . It is the only extant living species of the Gondwanian order Microbiotheria, and is closely related to the Australian marsupials (Kirsch et al. 1997; Hershkovitz 1999) . This species has a narrow geographic distribution, ranging from 35859 0 S to 44800 0 S, being present in Argentina and Chile (Hershkovitz 1999) . It was initially considered to be restricted to old-growth forests, but recent evidence showed that it also can be present in second-growth native forest stands (Fontúrbel et al. 2012) ; however, there are no formal reports of D. gliroides using exotic tree plantations as habitat.
Dromiciops gliroides has been described as a nocturnal species because of its well-developed sense of sight and smell (Marshall 1978) . However, most evidence about that fact is based on anecdotal reports and observations of a few captive individuals, and to our best knowledge, no study has assessed activity of D. gliroides in wild conditions. Knowledge of activity patterns is important to understanding the relationship that D. gliroides has with its predators, because most of them are nocturnal, such as foxes and wild cats (Rau et al. 1995; Elgueta et al. 2007) , and especially the rufous-legged owl (Strix rufipes), the most important predator of D. gliroides (Martínez and Jaksic 1996) . Moreover, nocturnal activity patterns are expected to be influenced by moonlight visibility, temperature, precipitation (Oliveira-Santos et al. 2010a; Prugh and Brashares 2010) , and season; for example, during the austral summer season D. gliroides is more active than during other seasons (Kelt and Martínez 1989; Aizen 2003) .
We evaluated nocturnal activity patterns of D. gliroides during 2 complete austral summer seasons using camera-trap monitoring, in 2 contrasting habitats: a native forest and an exotic eucalyptus plantation with native understory vegetation. We tested whether activity varied during the night, among months, between summer seasons, between native forest and eucalyptus plantation habitats, and with moon phase.
MATERIALS AND METHODS
Study site.-We conducted this study at the Valdivian Coastal Reserve (39857 0 S, 73834 0 W), which is a private protected area owned by The Nature Conservancy. This reserve is one of the largest South American temperate rain-forest remnants (approximately 50,500 ha) in southern Chile. At this site there are 2 contrasting habitat types: old-growth native forests and transformed habitats consisting of exotic eucalyptus (Eucalyptus globulus) plantations. Eucalyptus were planted 12-20 years ago, and because they are not currently subject to forestry management they have developed rich native understory vegetation.
Study design and sampling.-We monitored the activity of D. gliroides during 2 austral summer periods (December 2011 -April 2012 and November 2012 -March 2013 . Aiming to conduct long-term activity monitoring with the least observer interference, we used camera traps, which have been effectively used for assessing activity patterns of arboreal small mammals w w w . m a m m a l o g y . o r g 1199 (Oliveira-Santos et al. 2008) . We set 25 infrared camera traps (Bushnell Trophy Cam 2011; Bushnell Optics, Overland Park, Kansas) , which were checked and relocated on a monthly basis. After a preliminary assessment using livetrapping, we defined 5 monitoring locations, 3 located in native forest habitats, and 2 in eucalyptus plantation habitats. At each location we defined a 403 40-m plot, in which we set a 5 3 5-m square grid, with sampling points every 10 m. Sampling locations were 1.8-6 km away from each other, to assure data independency. We simultaneously placed 5 cameras per plot, which were rotated every 28 days. We had a cumulative monitoring effort of 5,012 camera-days, cameras were placed in 125 different monitoring points, but some of them were monitored on 2 occasions, for a total of 179 monitoring points during the 2 summer seasons. At each sampling point we placed a camera trap set in photo mode with an inactivity interval of 60 s (i.e., after 1 shot is taken, the camera will not react for the next 60 s in order to avoid repetitive shots of the same individual). Camera traps were baited once (i.e., bait was renewed every 28 days) with fresh banana slices, bait proven to be effective for attracting D. gliroides in livetrapping (Fontúrbel and Jimenez 2009) .
Data analysis.-Because this monitoring approach did not allow us a reliable identification of the photographed individuals because of the absence of objective natural markings (OliveiraSantos et al. 2010b), we were unable to determine the proportion of recaptures in our image data set. For that reason, we considered our data as a relative activity instead of abundance, evaluating the number of photos taken per night irrespective of the number of different individuals represented. For ensuring a minimum degree of independence in our observations, we considered a minimum interval of 1 h at each sampling location to treat pictures as independent records in further statistical analyses (Gómez et al. 2005; Oliveira-Santos et al. 2008) . Based on information from previous studies (Fontúrbel et al. 2010 (Fontúrbel et al. , 2012 , we estimated that 11 or 12 individual D. gliroides could be photographed at each monitoring location.
We summarized our data (i.e., the independent record data set) by month and by 12 discrete periods of 60 min from 1900 to 0700 h throughout the monitoring seasons. We plotted histograms for each sampling month and for the complete summer seasons. Because we set a different number of cameras in the contrasting habitats (15 cameras in native forest and 10 in the eucalyptus plantation), we standardized the number of records by the number of cameras used.
To test our hypotheses we used 2 analytical approaches. First, the overlap coefficient proposed by Ridout and Linkie (2009) was used to compare activity patterns based on kernel density functions, by estimating a nonparametric overlap coefficient (D 1 ), which ranges between 0 (no overlap) to 1 (identical distributions); all calculations were performed using the package ''overlap'' in R 3.03 (Meredith and Ridout 2014; R Development Core Team 2014) . Second, we used circular statistics to analyze our data, using the software Oriana 4.02 (Kovach 2011) . For the circadian activity data (for the overall data set and for each summer season separately) we estimated the mean vector (i.e., the mean hour of activity along the day) and its standard deviation, and conducted a Rao's spacing test to determine if the records were nonrandomly concentrated in a specific time window, which is more powerful than the classic Rayleigh uniformity test when analyzing nonunimodal data (Zar 1998) . Then, aiming to compare activity patterns between habitats, we used a nonparametric Watson test, which is a good alternative for analyzing nonunimodal data sets (Zar 1998) . We repeated this procedure using the moon phases (estimated directly in Oriana 4.02 using the date and the time zone) aiming to test whether activity is related to a particular moon phase (related to visibility), because it is known to affect activity patterns (Di Bitetti et al. 2006; Oliveira-Santos et al. 2010a ).
RESULTS
We obtained 503 photographic records of D. gliroides, 330 in the native forest (2.75 records camera À1 month
À1
) and 173 in the eucalyptus plantation (2.16 records camera À1 month
; Fig. 1 ). Applying the 1-h independency criterion, we narrowed the data set to 309 independent records, 195 in the native forest and 114 in the eucalyptus plantation. The activity period of D. gliroides started at 1900 h and finished at 0700 h, being variable among months (see panels a-j in Supporting Information S1, DOI: 10. 1644/13-MAMM-A-304.S1) and summer seasons (panels k and l in Supporting Information S1) in both habitat types. Activity patterns between native habitat and eucalyptus plantation habitats overlapped between 55% and 97% along the sampling months (Table 1; see Supporting Information S2, DOI: 10.1644/ 13-MAMM-A-304.S2, for detailed monthly kernel density estimations), whereas overlap was 93% between habitats during the 2011-2012 summer season and 92% during the 2012-2013 summer (Fig. 2) .
Mean activity time was 0142 h (6 2 h 38 min [1 SD]) in the native forest and 0202 h (6 2 h 24 min) in the eucalyptus plantation (Fig. 3) . In both cases, activity pattern was not uniformly distributed throughout the hours of the day (Rao's spacing test; U ¼ 227.85, P , 0.01 for the native forest; U ¼ 231.86, P , 0.01 for the eucalyptus plantation). Activity patterns were not significantly different between native (N) and transformed (T) habitats (Watson test;
We found similar patterns when examining summer seasons separately. For the 1st summer, mean activity time was 0145 h (6 2 h 55 min) in the native forest and 0157 h (6 2 h 38 min) in the eucalyptus plantation (Fig. 4A) ; activity patterns were not uniformly distributed throughout the day in the native forest (U ¼ 213.93, P , 0.01) and in the eucalyptus plantation (U ¼ 229.41, P , 0.01). Activity patterns were not significantly different between habitats (U 2 ¼ 0.050, P . 0.50, d.f. N ¼ 55, d.f. T ¼ 54). For the 2nd summer, mean activity time was 0141 h (6 2 h 32 min) in the native forest and 0205 (6 2h 15 min) in the eucalyptus plantation (Fig. 4B) ; as in the 1st summer, activity patterns were not uniformly distributed throughout the day in the native forest (U ¼ 230.68, P , 0.01) and in the eucalyptus plantation (U ¼ 247.04, P , 0.01). Activity patterns were not significantly different between habitats (U 2 ¼ 0.077, 0.5
. Examining the influence of the moon phase on activity of D. gliroides, we found that activity patterns were not uniformly distributed along the moon cycle in both native forest (U ¼ 277.91, P , 0.01) and eucalyptus plantation (U ¼ 241.31, P , 0.01) habitats. In both cases, activity was concentrated at waxing crescent moon phases with mean vector angles of 83.268 in the native forest and 83.708 in the eucalyptus plantation (Fig. 5 ). There were no significant differences in activity patterns regarding moon-phase effects between native and transformed habitats (
DISCUSSION
We obtained a large activity record of D. gliroides in nonnative habitat, which was dominated by eucalyptus canopy trees. This finding changes our knowledge about the biology of D. gliroides, because this species was originally considered to be a specialist of old-growth native forests, dominated by large Nothofagus dombeyi and Araucaria araucana trees (Hershkovitz 1999) . Recent evidence has shown that this arboreal marsupial also is capable of using second-growth forest remnants, dominated by Myrtaceae shrubs and trees such as Luma apiculata and Ugni molinae (Fontúrbel et al. 2012) , but until now no study had reported the presence of D. gliroides in forest stands dominated by an exotic tree species and structurally different from native forest habitats. Nevertheless, the presence of D. gliroides in these exotic habitats, along with its similar activity levels compared to in the native forest, is probably driven by the abundant native understory vegetation that regenerates below the eucalyptus trees, especially the abundant presence of the native bamboo Chusquea quila, which is known to be an important determinant of presence of D. gliroides (Rodríguez-Cabal and Branch 2011). A similar pattern has been described for tropical marsupials in exotic eucalyptus plantations, where understory vegetation determined small mammal richness and abundance (Stallings 1990) .
Activity of D. gliroides started at 1900 h and finished at 0700 h, hours with sunlight during the austral summer. However, activity peak was reached at approximately 0200 h, with most records concentrated between 2330 and 0430 h. Activity patterns between native forest and eucalyptus plantation habitats were very similar, with~92% of overall overlap, but monthly overlap varied considerably, reaching its lowest point (55.8%) in March 2012, and its highest point (97.1%) in January 2013. Furthermore, nocturnal activity also was influenced by the moon phase. Most records were obtained between the new and 1st-quarter moon, when visibility is low. This pattern also may be associated with predation risk by foxes, owls, and even domestic dogs (Rau et al. 1995; Martínez and Jaksic 1996 ; Silva-Rodriguez and Sieving 2011) on high-visibility nights, which might be more critical at the eucalyptus plantation because of the more open canopy.
We found considerable monthly variation in activity patterns (in terms of number of records per camera and overlap between habitats) that could be related to 2 nonmutually exclusive factors. First, resource abundance and distribution is known to influence dispersal and frugivorous interactions of D. gliroides (Morales et al. 2012) , which is consistent with our data because in both summer seasons assessed, activity of D. gliroides increased with fleshy fruit availability (Fontúrbel 2013) . Second, activity of D. gliroides could vary from one month to another in direct relation to the different life-cycle stages (Muñoz-Pedreros et al. 2005) . During November and December young individuals are completing intra-and extramarsupium development, but between January and March juveniles become independent and engage in family and solitary excursions (Muñoz-Pedreros et al. 2005) , which also could explain the increased activity at such periods of time.
Our camera-trap survey allowed us to gather valuable information about activity of D. gliroides, which would not have been possible to obtain through direct observations or livetrapping, or at a lower cost. Activity patterns were similar between native forest and eucalyptus plantation habitats, contrary to what we initially expected, because this species was previously found only in native forest stands. 
RESUMEN
Dromiciops gliroides es un marsupial arbóreo nocturno. Se utilizaron trampas-cámara para monitorear su actividad en bosques nativos y plantaciones de eucalipto con sotobosque nativo por dos veranos. Se obtuvieron 2.75 registros cámara À1 mes À1 en el bosque y 2.16 en la plantación. El periodo de actividad se extendió entre las 19 y las 07 h, alcanzando su máximo aproximadamente a las 02 h. Los patrones de actividad variaron entre meses, pero no difirieron significativamente entre el bosque nativo y la plantación de eucalipto, donde se solaparon entre 55% y 97%. Es destacable el hecho de haber encontrado a D. gliroides en hábitats dominados por árboles exóticos, dado que se consideraba que esta especie estaba restringida al bosque nativo. LITERATURE CITED
